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Application Notes
The following application notes contain information relevant to 3-Series CiTiceLs:
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Electrochemical Gas Sensors

General

CiTiceL electrochemical gas sensors are supplied as sealed units and in normal usage
represent no chemical hazard in the sense of the �Control of Substances Hazardous to
Health (COSHH) Regulations� and the Health and Safety at Work Act 1974.   Chemical
hazard can however arise if CiTiceLs are misused or abused when leakage may occur.
Leakage may also occur in the event of a manufacturing fault.  In order to avoid potential
problems the following notes should be observed on storage, usage, handling and the
disposal of unwanted CiTiceLs.

Oxygen CiTiceLs

Oxygen CiTiceLs contain a 4-molar potassium acetate solution which is corrosive.   Normally
this material would only leak out as a result of either mechanical damage (crushing or
piercing) or by electrical misuse for example by attempting to input electrical charge.   These
CiTiceLs also contain small amounts of lead, lead oxide, platinum, silver, carbon and
antimony some of which are toxic and/or mutagenic.   If the user comes into contact with
the Oxygen CiTiceL s contents the affected area should be washed with a copious supply
of water.  Obtain medical advice.

As these sensors contain some highly toxic compounds, irrespective of physical condition
they should be disposed of according to local waste management requirements and
environmental legislation.  They should not be burnt as they may evolve toxic fumes.

Toxic Gas CiTiceLs

The majority of Toxic Gas CiTiceLs contain sulphuric acid electrolyte and the chemical hazard
is mainly related to the corrosive nature of this compound.   These sensors also contain
platinum, ruthenium, gold, silver and carbon, some of which are toxic.   Any skin or eye
contact with the contents of these CiTiceLs should be washed immediately with copious
amount of water.  Obtain medical advice.

Design and Use

CiTiceLs are sealed units containing an aqueous electrolyte and a combination of other
substances as detailed above.  Provided these CiTiceLs are used only for their intended
application they do not represent a chemical hazard.

CiTiceLs must not be exposed to temperatures outside the range -50°C to 60°C.   Toxic
gas CiTiceLs should not be exposed to organic vapours which may cause physical damage
to the body of the sensor, for example 1, 2 dichloroethane.

Application Note 1 - Health and Safety Guidelines
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Storage

For maximum shelf life CiTiceLs should be stored in the containers in which they are supplied
in clean dry areas between 0°C and 20°C.

CiTiceLs must not be stored in areas containing organic solvents or in flammable liquid
stores.

Carriage

CiTiceLs are classified under UN 2800 (Batteries - Wet non-spillable) and conform to the
special provisions, section 4.5, paragraph A67 of the dangerous goods regulations.   As such
CiTiceLs are classed as non-dangerous and may be transported without special packing,
labels, etc.  It is, however, important to check any local regulations.

Damage

Should any CiTiceL  be so severely damaged that leakage of the contents occurs then the
following procedures should be adopted.

a) Avoid skin contact with any liquid or internal component through use of
protective gloves.

b) Disconnect CiTiceL  if it is attached to any equipment.

c) Use copious amounts of clean water to wash away any spilt liquid.   This is
particularly important in equipment where the CiTiceL involved contains sulphuric
acid or phosphoric acid because of the corrosive nature of these electrolytes.

Disposal

All CiTiceLs contain toxic compounds irrespective of physical condition. They should be
disposed of according to local waste management requirements and environmental
legislation.  They should not be burnt since they may evolve toxic fumes.
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Under no circumstances should 3-Series CiTiceL pins be soldered to, as this can cause
leakage of electrolyte.  Connection should be made via a  PCB mounting socket. Alternatively
the side tag version may be purchased, which is designed for solder connection.

Details of recommended sockets are given below:-

Supplier: Wearnes Hollingsworth Ltd.
Cambion Division
Castleton
Sheffield
England S30 2WR.

Tel: Int'l. +44 1433-621555
Fax: Int'l. +44 1433-621290

e-mail: cambionsales@cambion.co.uk
http://www.cambion.co.uk

Also available from:

LIBERTY ELECTRO MARKETING
218 Boston Street
Topsfield
MA 01983,
USA

Tel: Int'l. +1 508 887 6655
Fax: Int'l. +1 508 887 2329

Application Note 3 - Connection to Sensors with PCB Pins

Order Code

450-5301-01-xx-00

WARNING

SOLDERING TO PINS WILL RENDER YOUR WARRANTY VOID.
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Application Note 4 - Colour Coding for Toxic Gas CiTiceLs

All 3-Series Toxic Gas CiTiceLs can be identified by a coloured ring.  The colour of this ring
denotes the gas measured, with a different colour used for each gas.  This additional feature
allows easier identification of the sensors without affecting the performance characteristics
or overall dimensions of the sensors.

The full range of colours are as follows:

Carbon monoxide (CO) - Red
Hydrogen sulphide (H2S) - Dark blue
Sulphur dioxide (SO2) - Green
Nitric oxide (NO) - Orange
Nitrogen dioxide (NO2) - Black
Chlorine (Cl2) - Brown
Hydrogen (H2) - Yellow
Hydrogen chloride (HCl) - Violet
Hydrogen cyanide (HCN) - Light blue
Ammonia (NH3) - Purple
Ozone (O3) - Beige
Ethylene oxide (C2H4O) - Aqua blue
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Introduction

Electrochemical sensors are generally devices which only produce very small voltages and
currents and are not able to store large quantities of energy.  In certain circumstances,
therefore, it may be possible to consider them as simple apparatus as defined in BS 5501.
Paragraph 1.3 of the 'general requirements' states that:-

"Devices in which, according to the manufacturer's specifications, none of the values
1.2V, 0.1A, 20µJ, or 25mW is exceeded need not be certified or marked."

To consider whether the sensors can be covered by this statement we need to look at:-

A) The electrical characteristics of the sensors in normal operation

B) The possible fault conditions and what they might produce.

Note: Previously much attention has been focused on the potential short circuit currents which
might be produced if a sensor is open circuit, exposed for a period to a high level of an
electrochemically active gas and subsequently shorted out.  It is worth noting that this
condition requires two countable faults to occur with the exception of the condition of
replacing the sensor in a hazardous area.

Oxygen Sensors

A)  Currents and voltages generated under normal operation at 20°C.

1)  Current outputs

Current outputs in dry, ambient air are:

C/2       : 0.6mA maximum C/N : 1.3mA maximum
C/Y : 1.0mA maximum

The C/2 is non-linear and shows increasing sensitivity at oxygen concentrations above
normal ambient air levels of 21%.  Maximum currents of 10mA are observed in pure oxygen.

2)  Open circuit voltages

In tests carried out at City Technology, measurements made of open circuit voltages over
the  range 10-100% O2 were less than 0.8 volts for all oxygen sensors.  Therefore there is
no known way that the open circuit voltage can exceed 0.9 volts.

Application Note 5 - Currents & Open Circuit Voltages for
Intrinsic Safety Considerations
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B)  Max. current on short circuit from an open circuit condition.

Peak current values of 200mA maximum were recorded on oxygen sensors over the
concentration range 10 to 100% O2.  These peaks decay rapidly, within a few seconds, to
the normal operating currents as oxygen within the cell is consumed and further ingress is
controlled by the capillary diffusion barrier.

Peak short circuit currents are primarily a function of the open circuit voltage generated
and are similar for all oxygen sensor types.  Variations might be expected on testing larger
sample sizes, but it is unlikely that currents would ever reach significantly greater values than
200mA and a reasonably safe limit to quote would be = 500 mA.

Summary on Oxygen Sensors.

Maximum current in normal operation (pure O2) = 0.01 Amps.

Maximum open circuit voltage (10 to 100% O2) = 0.9 Volts.

Maximum peak short circuit current (10 to 100% O2) = 0.5 Amps.

Toxic Sensors.

A)  Currents and voltages generated under normal operation at 20°C.

1)  Current outputs

All sensor types are linear over the recommended operating range of gas concentration
and the current generated is given by the equation:

cell sensitivity x gas concentration = cell output
(µA/ppm) (ppm)      (µA)

How a sensor behaves when exposed to concentrations above its recommended range
depends on whether it has two or three electrodes.  In both cases, exposure to such high
concentrations results in severe polarisation at the counter electrode.

(a) Three-Electrode Sensors - The sensing electrode is controlled, relative to an
unpolarised reference electrode, by an external operational amplifier circuit.  Unlike two-
electrode sensors, the sensing electrode potential is independent of the counter electrode
polarisation.  Tests on these sensors have shown a linearly increasing output with gas
concentration until the output current exceeds the saturation current of the controlling
external amplifier.  At this point no further current change is possible with increases in gas
concentrations.  The maximum current limitation of amplifiers commonly used with a three-
electrode sensor control is unlikely to exceed 50mA.

2)  Voltages generated

a) Three electrode sensors - In normal operation the cell potential will be the sum of
the sensing-reference and reference-counter potentials.  There are two cases to consider:
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i) For zero bias sensors the sensing-reference potential will be zero (<10mV).  The
counter electrode potential, however, is free to float relative to the reference electrode
and will polarise as it produces the required cell current.  The degree of polarisation
is dependent on time and concentration.  However once a polarisation of 1.05V has
occurred the counter electrode will begin to evolve hydrogen and no further
polarisation can take place.  This means the maximum theoretical cell voltage for an
unbiased sensor is 1.05V.

ii) The above consideration of reference-counter potential applies equally to biased
sensors, but the sensing-reference potential may be greater than zero.  The current
recommended bias settings are:

3ETO: +300mV; 3NT: +300mV

3AM: +300mV;

Therefore the maximum theoretical cell voltage for biased sensors is 1.35V.  However
in practice counter electrodes do not polarise as far as hydrogen evolution (e.g. at its
maximum overload of 5000ppm NO, measurements made on a 3NF/F show a stable
polarisation voltage of 800mV, giving a total cell voltage of 1.1V).  It is therefore true
to say that, in practice, even in biased operation cell voltages are normally less than
1.2V.

B)  Maximum values of open circuit voltages

The MAXIMUM POSSIBLE potential is given by the NERNST equations for the electrochemical
reactions at the sensing and reference electrodes.

The reference electrode is essentially the oxygen electrode reaction:

O2 + 4H+ + 4e → 2H2O

This reaction is irreversible and the true Nernst potential is never observed, even on very
active electrocatalysts such as platinum.  Maximum observed potential for City Technology
reference electrodes is about 1.05 volts on the Normal Hydrogen Electrode Scale (N.H.E.).
In some sensors lower potential references are used and this is taken into account when
deriving the figures below.

The following maximum possible potentials of the various sensing electrode
reactions are calculated against the observed reference oxygen potential.  The figures
assume the subject gas reactions achieve the NERNST potential:

CO + H2O → CO2 + 2H+ + 2e 1.25 V

SO2 + H2O → SO3 + 2H+ + 2e 0.75 V

H2S + 3H2O → SO3 + 8H+ + 8e 0.76 V

H2 → 2H+ + 2e 1.05 V

Cl2 + 2e → 2Cl- 0.80 V

NO + H2O → NO2 + 2H+ + 2e 0.37 V

NO2 + 2H+ + 2e → NO + H2O 0.20 V

12NH3 + I2 +6H2O → 2IO3
- +12NH4

+ +10e− 0.60 V (see note)
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Note: Ammonia sensors employ a unique electrolyte.  The NH3 reaction mechanism in this
electrolyte is different to the oxidation and reduction techniques used in other sensors.
However the maximum possible potential is still calculable.

From these equations we see that the maximum open circuit voltage will be less than 1.2V
in all cases except CO.  The theoretical maximum for CO is 1.25V, which corresponds to
100% CO.  At lower concentrations the voltage will be reduced by 60mV/decade (e.g. giving
1.19V @ 10% CO).

In practice, however, the above estimates of  MAXIMUM POSSIBLE open circuit voltage
are unlikely to be achieved for the following reasons:

(a) Many of the reactions, particularly that of CO, are irreversible, so the full
NERNST potentials are never realised.

(b) The presence of oxygen at the sensing electrode creates a mixed potential
which reduces the sensing-reference potential difference.

(c) In the open circuit condition, reactant gas can diffuse to the reference and
counter electrodes causing an equalisation of potential differences (e.g. a 3H
sensor introducing to 100% H2S in an experiment produced no measurable
cell potential).

Measurements made at City Technology show that the above factors do in fact limit the
open circuit voltages quite substantially, even with exposure to very high concentrations.
For example, 0.75V was recorded on a CO sensor exposed to 20% CO and 0.36V was
recorded on a H2S sensor in 900 ppm H2S.  Since these potentials vary according to the
logarithm of the gas concentration, open circuit voltages will not vary greatly at higher
concentrations.

In summary, although it is theoretically possible to generate more than 1.2V in an open
circuit situation, in practice this is never observed.

Max current on short circuit from an open circuit condition

As for oxygen sensors, peak short circuit currents will be a function of the open circuit
potential developed during the open circuit.  The maximum measured value in tests at City
Technology, in 20% CO, was   0.47 amps from an open circuit potential of 0.75 volts.  The
maximum possible potential is 1.2 volts and therefore we can deduce that the MAXIMUM
POSSIBLE short circuit current would be 1 amp.
Summary on Toxic Gas Sensors.

Maximum current possible in normal operation = 0.05 Amps.

Maximum cell voltage possible in normal operation = 1.2 Volts

Maximum open circuit voltage possible = 1.2 Volts.

Maximum peak short circuit current possible = 1 Amp.
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Figure AP1.
Short Circuit Currents

0

20

40

60

80

100

120

140

160

C
ur

re
nt

 (m
A

100 200 300 400

mS From Short Circuit

Typical Transient Short
Circuit Current for Toxic
Gas CiTiceLs



AP-11

3-Series

Issue 1.0a January 2000

Application Note 6 - Chlorine Dioxide Measurement with a
3CLH CiTiceL

Chlorine is widely used in industry as a sterilising and bleaching agent, and used in large
quantities in water treatment.  Water authorities worldwide are increasingly looking for
alternatives to chlorine, as the chlorination of organic substances found in waste water can
lead to the formation of carcinogenic halogenated compounds.  Chlorine dioxide is a more
acceptable alternative since there is less chance of toxic by-products being formed .  It is
also a more effective sterilant, so the quantity needed to achieve sterilisation is smaller.

The U.K. occupational exposure limits for chlorine dioxide are as follows:

Long term exposure limit: 0.1 ppm
Short term exposure limit : 0.3 ppm

(Figures are taken from HSE Guidance Note EH 40/93.)

American Conference of Governmental Industrial Hygienists (ACGIH) TLV figures
(1984) for ClO2 are:

TWA (8 hour) : 0.1 ppm
STEL (15 minute) : 0.3 ppm

TWA figures for other countries include:

TWA TWA

Belgium : 0.1 Brazil: 0.08
Denmark: 0.1 Finland: 0.1
Italy: 0.1 Mexico: 0.1
Netherlands: 0.1 Switzerland: 0.1

Figures are taken from AIHA Occupational Exposure Limits -
Worldwide, W.A.Cook, 1987.

A programme of work was carried out at City Technology to examine the feasibility of
detecting chlorine dioxide electrochemically.  Theoretical calculations predict complete
reduction of chlorine dioxide will readily occur in the acid medium of an electrochemical
cell according to the following equation:

ClO2 + 4H+ + 5e- → Cl- + 2H2O

Unfortunately a usable supply of chlorine dioxide was not commercially available at the
time, due to its tendency to explode under pressure, and had to be generated in house.

3CLH chlorine sensors were used as the electrode material favours the reduction of
chlorine dioxide.  The sensors were found to respond readily  to chlorine dioxide, with 10ppm
ClO2 output  between 30.4 and 32.1 µA.
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The conclusion drawn from this testing was the sensitivity of the 3CLH to chlorine dioxide
is approximately 3.1µ A/ppm ±25%.  This is a reducing signal, i.e. the output has the same
polarity as when responding to chlorine.  The minimum output resolution of the 3CLH in a
fixed monitoring application is 0.15 µA, corresponding to a chlorine dioxide concentration
of approximately 0.05 ppm.  Therefore with suitable precaution and signal processing, a
chlorine dioxide monitor could be set to alarm at the STEL of 0.3 ppm chlorine dioxide.

For calibration, it is recommended that chlorine dioxide is generated electrochemically
using the method given below and that chlorine is used as a surrogate gas for occasional
sensor verification.

Summary:

Sensor Sensitivity to ClO2 Sensitivity to Cl2

3CLH 3.10 ± 25% µA/ppm 1.0 ± 0.25 µA/ppm

NOTE:  Chlorine dioxide may be prepared industrially by electrolysis of a NaClO2/NaCl solution using
a graphite anode and a copper or nickel cathode. It can also be generated by passing chlorine
gas through a column of sodium chlorite.  The method used at City Technology involved the
electrolysis of a solution of 2% NaClO2, 0.2% CuSO4, 0.3% tri-sodium citrate, 5% Na2SO4. The
pH was adjusted to 8.3 with 0.1M sodium hydroxide.

Alternatively, chlorine dioxide generating equipment is available from a number of suppliers.
Please contact City Technology for advice.
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Application Note 7 - Phosphine Measurement Using 3E and
3SH CiTiceLs

Introduction

Phosphine is a colourless, flammable, toxic gas which smells like garlic or decaying fish.  It
is a volatile gas with a high vapour pressure, a specific weight comparable with that of air
and a low molecular weight.  All these properties favour the use of phosphine in fumigation
applications, the major use of the gas over the last 60 years.  However another increasingly
important application for the gas is in semiconductor manufacture.  These two applications
have vastly different requirements, and so require different sensors.

Phosphine - chemical data:

Chemical Formula: PH3

Molecular Weight: 34.1
Lower Explosive Limit: 1.79 - 1.89% volume in air

Toxicity:

> 2000ppm Lethal to man in a few minutes
400-600ppm Dangerous to life after 30-60 minutes
100-190ppm Maximum that can be tolerated for an hour
7ppm Maximum that can be tolerated for several hours without symptoms
0.3ppm Short Term Exposure Limit (Source:  HSE GN EH40/93)

Threshold Limit Value (Source:  ACGIH 1983)

Fumigation

Grain and other foodstuffs in storage have always been susceptible to attacks by pests.  The
FAO (Food and Agriculture Organisation of the United Nations) estimates that between 10
to 20% of the world�s harvest is destroyed by insects and rodents.  Toxic gas fumigation
provides an effective solution to the problems of foodstuff storage and transportation.  First
used in 1935, phosphine is today one of the most widely used fumigants in the world.

For successful fumigations using phosphine it is important that the concentration and
flow of phosphine are carefully monitored and controlled; too low a concentration can
lead to eggs and pupae surviving the fumigation; too high a concentration can lead to a
phenomenon known as �phosphine narcosis� whereby insects enter a torpid state in which
they are resistant to phosphine gas.

{

See also 4PH phosphine sensor which is
manufactured and tested with phosphine
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Semiconductors

Whereas the measurement of phosphine in fumigation applications provides a means of
process control, its use in semiconductor manufacture is personnel protection.  Unlike
fumigation processes, which involve large, enclosed spaces which can be 'flooded' with gas,
semiconductor manufacture requires 'hands on' supervision.  Therefore the legal requirement
to protect the work force requires monitoring of TLV levels.  Clearly the levels needed to
exterminate a barn full of insects is going to be a lot higher.

Detection

In the past phosphine concentrations have been traditionally determined by glass tube
detectors.  Although these can determine concentration, they suffer from poor accuracy and,
when used in large scale or in-transit applications, high cost.  In addition the technique is
unsuitable for continuous monitoring or control applications.

For these reasons the use of an electrochemical carbon monoxide CiTiceL as a phosphine
sensor was investigated[1].

Theoretical calculations predict that complete oxidisation of phosphine will readily occur
in the acid medium of an electrochemical cell according to the following equation:

PH3 + 4H2O → H3PO4 + 8H+ + 8e-

3E Carbon Monoxide CiTiceL

One sensor suitable for this reaction is the 3E uncompensated Carbon Monoxide CiTiceL.
Inbuilt filters and other features used on other Carbon Monoxide CiTiceLs preclude their use
as phosphine sensors.  Tests have indicated that with a 1000ppm PH3 the sensitivity of a batch
of 3E sensors varied between 230 and 239µA.  With a 10 Ohm load resistor connected a 90%
response time of under 60 seconds was measured.

The conclusion drawn from our testing is the sensitivity of the 3E to phosphine is
approximately 235nA/ppm ± 36nA, with the resolution at 20°C approximately 0.2ppm PH3.
As such it would not be feasible to use the 3E for determining regulatory health exposure
limits, as the set level is commonly 0.3ppm PH3 for a certain period of time.  However the
3E would certainly indicate whether an area (such as a grain silo or tanker hold) had a lethal
amount of phosphine.  In addition it should be possible to use the 3E in an actively controlled
system whereby the build up of phosphine is accurately measured and controlled. The 3E,
therefore, could be suitable for most fumigation applications but not for semiconductor
manufacture.

Cross sensitivities to other gases, recorded as a percentage of the reading for PH3, at
100ppm and 20°C have been measured as:
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PH3 CO H2 SO2 H2S CO2 NH3 CH4

% 100 33 <15 28 112 0 0 0

[1] Initial Investigations: Ducom P., Bourges C. �Determination of phosphine concentrations with
an electrochemical cell�, Laboratoire Denrées Stockées, Ministère de l�Agriculture, 33152
Cenon, France

3SH Sulphur Dioxide CiTiceL

An alternative to the 3E capable of measuring phosphine down to TLV levels is also required.
Of the sensors thought likely to respond, in tests the 3SH Sulphur Dioxide CiTiceL  gave the
best results.  When subjected to the same tests as the 3E sensors, a batch of 3SH CiTiceLs
showed a response to 5ppm of phosphine of approximately 4.75µA/ppm.  The 3SH sensors
also showed a 90% response in under a minute with a 10W load resistor.

Clearly this gives a much higher response to phosphine than the 3E. The resolution at 20°C
is better than 0.1ppm and hence very capable of detecting the TLV level of 0.3ppm.  In
addition, the sensor shows virtually no cross-sensitivity to hydrogen or carbon monoxide, both
of which are commonly present in semiconductor manufacture.  Hence the 3SH is a far more
suitable sensor for such applications where the prime concern is personnel safety.

Cross sensitivities to other gases, recorded as a percentage of the reading for PH3, at
100ppm and 20°C have been measured as:

PH3 CO H2 SO2 H2S CO2 NH3 CH4

% 100 0 0 25 35 0 0 0

Summary

Type 3E:

Gas CO PH3

Sensitivity 0.075 ± 0.010 µA/ppm 0.235 ± 0.036 µA/ppm
Minimum Range 0-20ppm 0-10ppm
Maximum Range 0-2000ppm 0-2000ppm
Resolution at 20°C 0.5ppm 0.2ppm

Type 3SH:

Gas SO2 PH3

Sensitivity 1.25 ± 0.25 µA/ppm 4.75 ± 1.0 µA/ppm
Minimum Range 0-3ppm 0-1ppm
Maximum Range 0-100ppm 0-25ppm
Resolution at 20°C 0.1ppm <0.1ppm
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Application Note 8 - Biased Operation of 3H Sensors

The rate at which chemical reactions proceed can usually be increased by adding energy to
the reactants.  For most chemical reactions this can be achieved in one of two ways, either
by raising the temperature or increasing the pressure at which the reaction takes place.  In
an electrochemical cell, where for example H2S is oxidised electrochemically, there is a third
option, namely applying a bias potential.

To apply a bias voltage to a three electrode sensor the following circuit is required.

Counter

Sensing

Reference 10K
0µ1

IC1

IC2
-

+

-

+

10K

10K

Vout

22K

10K

10K
Set
Bias

10K

V -

Vref

RGain

RLoad

Figure AP1.
Recommended circuit for
'biased' CiTiceL operation

For further details on this circuitry please refer to page TOX-8.

The performance characteristics of 3H H2S CiTiceLs were studied when bias voltages
between 0 and +300 mV were applied.  At each increase in bias, the baseline, sensitivity,
response time, and cross sensitivity to a range of gases was measured for each sensor tested.
The results of these measurements are shown in figures AP2 to AP5.

Figure AP2.
Baseline vs Bias

Figure AP3.
Sensitivity vs Bias
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Figure AP4.
Response Time vs Bias

Figure AP5.
Cross Sensitivity vs Bias

Summary

Response Time:

On examining the data obtained, it is clear that one of the main advantages to be gained by
running the sensor at bias is the response time is faster.  At 250mV bias T90 response times
below 20 seconds were observed for both sensors tested.

Sensitivity:

The overall sensitivity to H2S showed no significant variation with bias potential.

Baseline:

As expected, sensor baselines showed an increase as the bias potential was increased.  The
steady state baselines were recorded once the sensors had settled as the application or
change of a bias potential causes rapidly decreasing baselines.

Cross-sensitivity:

It is interesting to note that the NO2 response is negative below 170mV and positive above.
The other significant variation is in the NO response which becomes more appreciable as
the bias potential is increased.
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Aspiration Hood
Assembly

Mesh

PTFE

Bonded Membrane
Ø 25mm

Instrument Wall

O-ring

Sensor

Gas
Exhaust

Gas Inlet

Insert

Although CiTiceLs have a very small pressure coefficient, they do give a transient response
to changes in pressure which take typically 20-30 seconds to stabilise. When pumps, particularly
diaphragm pumps, are used in aspirated systems, pressure oscillations are introduced into the
gas stream, giving a false, enhanced signal. This is also flow dependant as the pressure pulses
will change with pump speed and flow rate.

City Technology has an aspirated mode assembly to minimise the effect of pumps. The
assembly consists of an expansion chamber with a small bleed hole which dampens the flow
of gas to the sensor. Flow rates of up to 1 litre/minute can be pumped across the CiTiceL with
no increase in signal. A vent in the top of the hood allows the gas to be vented outside the
instrument.

Note that to work correctly the gas exhaust must flow freely to air with no back pressure.

Outline Dimensions

Order Code:    Aspiration Fixing............B009

Screws are all M2

Application Note 9 - 3 Series Aspiration Fixing
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Application Note 10 - 3 Series Mounting Collar

Instrument Wall
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O-ring

O-ring

Sensor

A diffusion mounting assembly, known as a 'collar', has been designed to mount the 3 Series
CiTiceL inside the case of an instrument with a suitable opening in the wall for gas access. This
enables the protective filter membrane to be mounted against the CiTiceL. It also incorporated
a push-in zero/calibration 'plug'. With the connector pipe seals in place, a zero background gas
measurement can be made. With the connector pipe seals removed, a suitable calibration gas
can be passed across the sensor from a cylinder.

Order Code:    Mounting Collar............B010

Outline Dimensions

Screws are all M2



AP-20 Issue 1.0a January 2000

APPLICATION NOTES

Application Note 11 - 3 Series Mounting Nose

Ø 25.0 mm

+0.3mm/-0.0mm

Gas In Gas Out
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Insert

A diffusion mounting assembly, the 'nose' adaptor, has been designed for convenient
mounting in a wide range of weatherproof housings. Moulded in resilient polyester, the nose
adaptor requires a 25mm diameter hole in the outside wall of the housing to allow installation.
The Mounting Nose also features the calibration plug for easy zeroing and exposure to
calibration gas. A bonded membrane and mesh is employed to prevent the ingress of dirt and
dust particles into the CiTiceL.

Order Code:    Mounting Nose............B020

Outline Dimensions

Screws are all M2
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Application Note 12 - In-line SOx/NOx filters

If a particular application involves unusually high levels of cross-sensitive
gases, it may be desirable to supply additional filter capacity to protect a
CiTiceL's internal filter.  This is particularly relevant in emissions applications
involving heavy oils or woodburners which liberate high levels of nitrogen
dioxide, nitric oxide and sulphur dioxide.  These gases can cause problems
when measuring carbon monoxide.

City Technology has developed a replaceable filter system for use with
carbon monoxide CiTiceLs in pumped systems.  The filter is designed to
remove the SO2, NO and NO2 in a sample gas without affecting the CO
concentration.  These cartridge filters are inserted in the gas sampling
system to absorb acid gases which may give rise to a false signal.  The filter
is intended for use only with the CO sensor, to absorb SO2, NO and NO2,

and is easy to replace when exhausted (as indicated by a colour change).

Figure 1
In-line SOx/NOx Filter:

Outline drawing
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(a) Construction

The dimensions of the filter are shown in Figure 1. The housing is constructed from a modified
polyamide material, selected for its high strength and resistance to chemical attack. However,
it is not designed to be used in high concentrations of the following substances:

Alcohols Ketones  Phenols
Amines Pyridine                Chlorinated Solvents

The spigots of the filter can accommodate 6mm flexible tubing for connection purposes,
provided the pressure of the gas line does not exceed three atmospheres.
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Order Code
In-line SOX/NOX Filter ........................................................ B100

(b) Filter Life

Figure 2 shows the removal capacity of the filter with a 1 litre/min gas stream containing NO,
NO2, and SO2, each at 1000 ppm.  In practice the filter life will vary according to the application
and will depend on many other operational factors.

When new, the filter material is purple, and as it gradually loses its capacity to remove acid
gases, the colour of the material slowly changes  to a dark brown.

Filters are supplied in packs of ten, with protective caps to prevent contamination of filter
material during transit and storage.

Figure 2
In-line SOx/NOx Filter:

% Efficiency (1000ppm at
1litre/min)
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Statement of Warranty

City Technology products are warranted for a period of 12 months from date of despatch,
against defects in workmanship, materials, and construction.  A credit note will be raised
against the appropriate account where a sensor has failed within these criteria. A summary
of the procedure for Handling of Warranty Failures is set out below.

Warranty Failures

The Customer Services Department has computerised the handling and control of
warranty failures.  Part of this process requires the support of our customers in
implementing the following guidelines:

1. Should a product fail to meet the performance requirements set out in this
handbook or exhibit other defects please contact in the first instance, a member
of City Technology�s technical staff.

2. Subject to a discussion with CTL staff, return of sensors to CTL for evaluation may
be authorised. Receipt of sensors by CTL is not an admission of liability.

3. Once a warranty failure is received at City Technology, a unique reference number
will be issued and an acknowledgement containing this number will be faxed
within 24 hours. Thereafter the defect is fully investigated and reported on to the
customer by letter with, where appropriate, a credit note for the defective
product.

4. The sensing and referencing electrodes of biased operation CiTiceLs must not be
shorted together when returned.  All other toxic gas CiTiceL types must have their
sensing and reference electrodes shorted out.

5. Please identify clearly why each sensor failed or why it is being returned.  Only
those within the warranty period should be despatched.

6. Please wrap each sensor individually to prevent any damage in transit.  This is most
important because failure to protect each cell may cause damage to the critical
capillary mechanism during transit.

7. Products containing PCB interface electronics should be stored and transported in
anti-static bags.

8. When returning goods under warranty all accompanying documentation should
clearly state that they are defective goods of 'no commercial value'.

Warranty
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This table shows % cross-
sensitivity figures for 3-Series
CiTiceLs  tested with a range
of potential cross-interfering
gases.

% Cross-sensitivity Data
Summary for 3-Series
Toxic Gas CiTiceLs
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Cross Sensitivity Data
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